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Tamsulosin hydrochloride sustained-release capsules contained core-shell structure based pellets with tamsulosin
hydrochloride as middle layer and the weight of excipients was 800 times more than tamsulosin hydrochloride.
Therefore, the extraction should release the related substances of tamsulosin hydrochloride from the pellets and
minimize the degradation of tamsulosin hydrochloride during the extraction. And the chromatographic methods
should be specific to separate the excipients and their degradation products with the main related substances of
tamsulosin hydrochloride. In present study, tamsulosin hydrochloride and its related substances were extracted with
sonication after incubated at 50° for 10 min in methanolic sodium hydroxide solution and the dissolved excipients
was then precipitate with acetonitrile. The extraction was further separated on a C; column with gradient elution.
Forced degradation proved that 5 possible related substances (retinoschisin 1 to retinoschisin 5) from tamsulosin
hydrochloride capsules could be separated with the degradation products from excipients. These related substances
were identified with electrospray ionization mass spectrometry/mass spectrometry. The method was also validated
and results showed the resolution of main related substances of tamsulosin hydrochloride and the degradation
products of excipients was above 1.5. The limit of detection of retinoschisin 4 and retinoschisin 5 equals to 0.1
% of tamsulosin hydrochloride in capsules. The inter-day precisions and recovery were 1.14 %-2.18 % (n=12),
100.0 %-100.8 % (n=9), respectively. With the established method, related substances in tamsulosin hydrochloride
sustained-release capsules proved <0.1 % to 0.28 %, with retinoschisin 4 as main related substance. This method
could be used for the evaluation of related substances in tamsulosin hydrochloride sustained-release capsules and
for its routine quality control and the extraction could be applied to other core-shell structure pellets contained
capsules.
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Tamsulosin Hydrochloride (TSH) is a third-generation
selective postsynaptic alpha (a), ,-adrenergic receptor
antagonist, which has a greater affinity for o ,-receptors
than for o, -receptors!'. It was widely applied for the
treatment of benign prostatic hyperplasia by relaxing
smooth muscle in the prostate and bladder neck, thereby
enhancing bladder emptying®. Sustained-release
capsules are one of the main dosage forms of TSH.
The TSH sustained-release capsules possessed core-
shell structure based pellets, with TSH in the middle, a
dense enteric coating and high-density microcrystalline
cellulose as the out layer and inner core, respectively as
shown in fig. 1.

Therefore, to identify and determine the related substances
in TSH sustained-release capsules, the extraction should
be optimized to efficiently release the related substances
of TSH from the pellets and minimize the degradation
of TSH during the extraction. Furthermore, the dosage
of TSH is as low as 0.2 mg/capsule, with the weight of
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excipients is 800 times to that of TSH, the excipients
and their degradation products could not only affect
the extraction, but also the chromatographic analysis of
related substances of TSH.

Most reports applied High Performance Liquid
Chromatography (HPLC)!*#, or Liquid Chromatography-
Mass Spectrometry (LC-MS) methods?¢), to determine
and identify the related substances in TSH bulk drugs!’*#]
and tablets®'?. Present study aimed to study the extraction
of TSH and its related substances in TSH sustained-
release capsules. An LC-MS/MS method based on the
extraction was applied to identify the main possible
related substances in TSH sustained-release capsules and
an appropriate HPLC method specific enough to avoid
the interfering of high level excipients in the analysis
was also studied and validated. The established method
could be used to evaluate the quality of TSH sustained-
release capsule and provide fundamental information for
the analysis of similar preparations with dense core-shell
structure pellets.
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Fig. 1: Illustration of the core-shell structure of TSH sustained release pellets

MATERIALS AND METHODS
Materials and reagents:

TSH (Batch No. YK1305002) was supplied by Zhejiang
Jinghua Conba Bio-pharm. Co., Ltd. (Zhejiang, China).
TSH sustained-release capsules (Batch Nos. 20160824,
20160905, 20160915) were supplied by Jinling
Pharmaceutical Co., Ltd. (Nanjing, China). Impurity
D (2-methoxyl substituted TSH, Batch No. Y0000651,
purity 99.86 %) and impurity H (desulfonamided TSH,
Batch No. Y0000652, purity 99.32 %) were obtained
from FEuropean medicines quality administration.
Hydrochloric acid (HCI), Sodium hydroxide (NaOH)
and Hydrogen peroxide (H,0,) were all of analytical
grade from Sinopharm Chemical Reagent Co., Ltd.
HPLC grade acetonitrile and methanol were obtained
from Tedia (Ohio, United States of America (USA)).
Water was purified with a Millipore Milli Q-Plus
purification system (Massachusetts, USA).

Instruments:

AnAgilent 1260 series HPLC system (California, USA)
with ChemStation workstation was used for the analysis
of related substances. The LC-MS identification of
Related Substances (RSs) was performed on an Agilent
1260 series HPLC and Agilent 6224 Time-Of-Flight
(TOF) LC/MS (California, USA). Data acquisition and

Extraction of TSH and its related substances:

Sustained-release capsules containing 1.0 mg of TSH
was weighed accurately and transferred into a 50 ml
glass tube, 20 ml NaOH solution (0.02 mol/l) was
accurately added and then heated at 50° for 10 min to
break down the coating of pellets. The mixture was
then sonicated for 10 min to extract TSH and 10.0 ml
of acetonitrile was added to precipitate the excipients
dissolved. Then 5.0 ml of HCI solution (0.2 mol/l) was
added drop wisely to neutralize NaOH. The mixture
was then diluted with 15.0 ml of 30 % acetonitrile and
centrifuged at 10 000 rpm for 15 min. The supernatant
was collected for HPLC analysis, with the final
concentration of TSH at 200 pg/ml.

HPLC system for the analysis of related substances
in TSH capsules:

The separation was achieved on a Phenomenex C,
column (4.6x250 mm, 5.0 um) by gradient elution
with a mobile phase consisting of ammonium acetate
solution (15 mM) and acetonitrile-methanol (50:50,
v/v) at a flow rate of 1.0 ml/min. The gradient elution
program is shown in Table 1. Column oven temperature
was set at 30°. The injection volume was 20 pl and the
analytes were monitored at 225 nm.

TABLE 1: GRADIENT ELUTION PROGRAM

analysis were controlled by mass hunter work station.  Time (min) Mobile phase A (%) Mobile;hase B
The MS/MS spectra were collected on Thermo-Finnigan 0 92 ( g )
Surveyor (TSQ) quantum ultra-Accurate Mass (AM) 9 8
spectrometer equipped with Electrospray lonization —4q 85 15
(ESI) source (California, USA) and controlled by 29 47 53
Xcalibur™ software (Version 1.2). 50 47 53

51 92 8

60 92 8
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LC-MS and LC-MS/MS systems
identification of related substances:

for the

For both LC-MS and LC-MS/MS determination,
positive ESI mode was applied and the spray voltage
was 4.5 kV, heated capillary temperature was 350° and
the pressures of the nitrogen sheath and auxiliary gas
were set at 310 kPa and 69 kPa, respectively. The mass-
to-charge ratio (m/z) scanning range was 120-1000 for
MS and 50-800 for MS/MS determination. The argon
gas of 0.2 Pa was employed for collision-induced
dissociation in MS/MS mode.

Forced degradation:

Stress studies of TSH sustained-release capsules
were performed with aliquots of 10 mg of TSH under
stressing conditions. The optimized stressing conditions
were 2 M HCl acidic hydrolysis (25°, 36 h), 2 M NaOH
alkaline hydrolysis (25°, 36 h), 10 % H,0, oxidation
(60°, 40 min), water solution thermal hydrolysis (80°,
72 h) and deuterium lamp photolysis (254 nm, 72 h).
All degradation samples were prepared by the addition
of 30 % acetonitrile (50 ml), sonication (10 min) and
centrifugation at 10 000 rpm for 15 min. TSH and
excipients were also carried out in parallel.

RESULTS AND DISCUSSION

In present study, the TSH sustained-release capsules
contained pellets with core shell structure. Therefore,
the sustained-release coating layer should be destroyed
to release the TSH and its related substances in the
extraction process. As both the TSH and its related
substances were in the middle layer, the extraction
efficiency of TSH was studied to evaluate the extraction
of the related substances.

HCIl, HCI-Methyl alcohol (MeOH) solution, Ammonium
acetate (NH,Ac) buffer (pH 6.5) and NaOH-MeOH
solution were studied. As shown in Table 2, both HCI
and NaOH hydrolysis can extract more than 90 % of TSH
while NH,Ac buffer (pH 6.5) has the lowest extraction
efficiency.

The outer layer of the pellets is a dense enteric coating,
which could be dissolved at pH 6.5 and higher pH.
However, after the breakdown of outer layer, the
solubility of TSH in pH 6.5 buffer solution is lower than
in MeOH, so the extraction efficiency in pH 6.5 buffer
solutions is significantly lower than NaOH-MeOH
solution. The dense enteric coating of the pellets is
insoluble in acid, but the sonication may help to destroy
the coating and TSH is more likely to be extracted
with HCI in comparison with NaOH. Therefore, the
HCI-MeOH solution had similar extraction efficiency
as NaOH-MeOH solution. As NaOH-MeOH solution
had the highest extraction efficiency, it was used as the
extraction solvent for further study.

Higher temperature and physical treatments such as
ultrasonic and shake with glass beads may accelerate
the extraction of TSH and its related substances, but
these may also cause the degradation of TSH in the
extraction and increase the degradation of excipients.
Therefore, extraction at room temperature to 50°, with
different physical treatments was studied, with NaOH-
MeOH solution as extraction solvent.

As shown in Table 2, both extract at 50° could improve
the extraction efficiency, with extraction efficiency
>97.0 % for both ultrasonic and shake with glass beads.
Ultrasonic treatment had similar extraction efficiency
with shake with glass beads, but the operation of
ultrasonic treatment is easier to perform, water bath
at 50° for 10 min was used in further study. Extended
extraction time could not cause degradation of TSH but
the degradation of excipients was increased and could
interfere with the chromatographic measurement.

As the labelled content of TSH sustained-release
capsule is 0.2 mg and the amount of excipient is 800
times to TSH. The extraction solution contained high
concentration of excipients and their degradation
products in addition to TSH and related substances.
The addition of acetonitrile to the NaOH extraction
could precipitate most of the excipients and reduce the
interference of excipients.

TABLE 2: EXTRACTION EFFICIENCY OF TSH WITH DIFFERENT TREATMENTS

Solvent Treatment Extraction efficiency of TSH (%, n=3)
HCL (1.0 M) Sonicate 15 min 90.6

HCl-MeOH (1.0 M) Sonicate 15 min 91.3

NH,Ac (15 mM, pH 6.5) Sonicate 15 min 62.4

NaOH-MeOH (0.02 M) Sonicate 15 min 95.4

NaOH-MeOH (0.02 M) Shake with glass beads for 10 min 97

NaOH-MeOH (0.02 M) Shake with glassnl:ﬁ]ads at 50° for 10 98.3

NaOH-MeOH (0.02 M) 50° for 10 min and sonicated for 10 min 99
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To estimate the main degradation impurities in TSH
products, the capsules were treated with stressed
conditions. As shown in fig. 2, the retention time of
TSH was 23.4 min and its main related substances at
11.3 to 29.0 min. Although the excipients showed
several peaks at 7.7, 9.4, 15.6 and 26.0 min, these peaks
could be well separated (resolution, R>1.5) with TSH
and its related substances. Significant degradations of
TSH were observed with stress conditions of oxidation
and photolysis, while degradation in acidic, alkaline and
thermal treatments was limited. According to Table 3,
the five degradation products with the content of about
0.1 % or more, named as Retinoschisin (RS) 1 to RSS5,
were further identified with LC-MS and LC-MS/MS.

Five main related substances, RS1 to RS5, were
characterized with TOF-MS for the information
of molecular weight and triple quadrupole mass
spectrometer for their product mass spectra to elucidate
their structures. TSH was also studied in comparison.
The chromatographic and mass spectrometric data were
summarized in Table 3 and the fragmentation patterns
of the protonated molecular ions [M+H]" are proposed
in fig. 3.

As shown in fig. 3, the protonated molecular ion of
tamsulosin produced a base peak with m/z 409.11,
corresponding to its ion formula of [C,H,N,OS]".
Meanwhile, the product mass spectrum of the [M+H]*
ion displayed major fragments at m/z 271 and 228
resulting from breakages of C-O and C-N linkage,
respectively, as shown in fig. 3. The fragments with

relatively low intensity at m/z 148 and 200, were due to

Inteisty

Ity

Inbgsty

the losses of sulfonamide group (80) and Ethylene (C,H,)
(28) from m/z 228, respectively. As shown in fig. 4, the
m/z of RS1 was 288.86, corresponding to ion formula
[C,H,N,O,S]", which was 120 Da lower than the

127721
protonated molecule ion of tamsulosin [C, H, N OS]

due to the loss of a small molecule. The czi)la;;ctzerisstic
fragment at m/z 271 indicated [M+H-H,O]" and proved
the presence of a free hydroxyl group in RSI1. Other
fragment ions of RS1, m/z 228, m/z 200 and m/z 148,
were similar to that of TSH. These proved that RS1 was
formed through the breakage of C-O linkage of TSH,

which was similar with previous report!®!.

As shown in fig. 5, the m/z of RS2 was 181.89,
corresponding to ion formula of [C H NO,]", which
was 227 Da lower than the protonated molecule ion of
tamsulosin [C, H,,N,O.S]". RS2 was observed to have a
characteristic fragment [M+H-NH,]" at m/z 165, which
suggests a free amino occur in the structure. Because
amino in sulfonamide is stable and the linkage of S-N
is difficult to cleave, it can be concluded that RS2 was
produced by the breakage of C-N from tamsulosin.
Other product mass spectrum of RS2 contained ions at
m/z 137, 121 and 111 due to the neutral losses of C H,
(28) form daughter ion at m/z 165, C,H.ON (60) from
parent ion [M+H]" and Acetylene (C,H,) (26) from ion
at m/z 137, respectively. The formation of m/z 111 was
indicative of the presence of 1,2-dihydroxyl phenyl
group. Thus, RS2 was identified as the degradation by
the breakage of C-N of tamsulosin with oxidation and
photolysis conditions.

As shown in fig. 6, the ESI-MS spectrum of RS3
revealed a set of correlated adduct ions at m/z 380.85,

Intanay

Inbensty

|
L
}

Fig. 2: HPLC chromatograms of excipients, TSH bulk drug and TSH sustained-release capsules with different stressed conditions
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SUSTAINED-RELEASE CAPSULES

IDENTIFICATION OF RELATED SUBSTANCES FROM FORCED DEGRADATION OF TSH

Related "t, Relative "[M+H]* "Product ions Structure Source of RS
Substance (min)" Retention Time (m/z)" (m/z)"
[0]
271, 228, 200 FNg N .
RS1 8.2 0.35 289.1422 ' ’ ’ o ~oH Oxidation
168,148 T
. - 137, 121, 110, NH, Oxidation/
RS2 (impurity F) 15.1 0.64 182.1543 93, 65 ?\8;\/ photolysis
~ 3
271, 228, 200, *sg g @ Oxidation/
RS3 17.2 0.74 381.1522 148 iom oY photolysis
@ f %
07N “NH,
RS4 (impurity D) 18.9 0.81 395.168 2711’6%;281’4%00’ “CH, Hmoma Oxidation
271, 228, 200, @N 58
TSH 23.4 1 409.1825 148 g4 Hmm:
H
RS5 (impurity H) 28.9 1.21 330.246 % 1;?’ 121, Qﬁ”$°/<; Photolysis
0 #o1"
H/’(\fi@/\rn\/\n’%} GioHisNG, . H)S::EI;TQT o
m/z 409 ( | miz 228
-50,NH,
CgHyp0; | s CoH,
[+] v —‘ ' )/ Q —‘
"":;.a\/;‘ H\; " /\/§—| “Zg.jg iz
\O’l\-’f\r \O’Jl\f\J } \(JI‘;/I/
miz 271 miz 148 miz 200
Fig. 3: MS and MS/MS spectrum of TSH and the fragmentation pathways of the product mass
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Fig. 4: MS and MS/MS spectrum of RS1 and the fragmentation pathways of the product mass
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Fig. 5: MS and MS/MS spectrum of RS2 and the fragmentation pathways of the product mass
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402.83 and 418.85. Judging from their mass differences,
it can be concluded that they were the [M+H]", [M+Na]"
and [M+K]" adduct ions of the analyte, respectively.
Thus, the corresponding protonated molecule ion
formula should be [C. H, N O_S]", which was 28 Da

187725 275

lower than that of tamsulosin [C,H, N OSS]". RS3
was observed to have the same fragment ions of m/z
271, 228 and 148 as tamsulosin, which suggests RS3
is similar to tamsulosin structure. It was supposed
that RS3 was formed by the cleavage of C-O bond of

tamsulosin in oxidation.

As shown in fig. 7, the [M+H]" ions of RS4 was m/z
395.07, 14 Da lower than TSH and corresponding
to loss of Methylene (CH,) in comparison with TSH
([C,,H,,N,O,ST"). Its fragment ions had similar pattern
as that of TSH. These proved that RS4 possessed
methoxyl instead of ethoxyl group. Chromatographic
study showed that the retention time of RS4 was same
as impurity D, 2-methoxyl substituted TSH. This further

proved RS4 was the impurity D of TSH.

As shown in fig. 8, the [M+H]" ions of RS5 was
m/z 330.12, corresponding to its ion formula of
[C,,H,(NO,]J". Its fragment ion of m/z 192 resulted from
breakage of C-O linkage, and m/z 149 was formed from
the cleavage of C-N linkage from m/z 192 ion. In the
terms of degradation pathway, RS5 was differentiated
from TSH by losing molecular weight of sulfonamide
group (M-79). Chromatographic study also proved that
the retention time of RS5 was same as impurity H,
desulfonamide TSH. These showed that RS5 was the
impurity H of TSH.

As the reference materials of RS4 and RS5 were
available, these 2 impurities were validated with
respect to specificity, Limit of Detection (LOD), Limit
of Quantification (LOQ), precision (inter-day and intra-
day), accuracy, stability and robustness as International
Council on Harmonisation (ICH) guidelines.

Specificity of the method was evaluated using the forced
degradation samples prepared as described in section
2.6 above. As shown in fig. 2, no interfering co-eluting
peaks in blank solutions were observed. Additionally,
the degradation products of TSH and its degradation
products, and the degradation products of excipients
were all well-separated and resolutions of higher than
1.5 were obtained. Simulated samples spiked with
RS4 and RS5 also proved well separation of related
substances to both TSH and the degradation products
of excipients. These demonstrated a high specificity of
present HPLC method.

301 Indian Journal of Pharmaceutical Sciences

LOD and LOQ of RS4 and RS5 were determined by
diluting the standard solutions of RS4 and RSS5 to
a series of concentrations and determined with the
established method. Results proved that the LOD of
RS4 and RS5 were 0.23 and 0.27 pg/ml (signal-to-
noise, S/N >3), respectively, corresponding to 0.1 % of
TSH in capsules. The LOQ of RS4 and RS5 were 0.46
and 0.54 pg/ml (S/N>10), respectively, corresponding
to 0.2 % of TSH in capsules.

Intra-day precision was evaluated by injecting 6 times
of simulated sample solution and impurity reference
solutions. The Relative Standard Deviations (RSDs) of
all the determinations were calculated and found below
1.80 % (n=6). Inter-day precision was studied with
different analysts and different instruments at different
days. The RSDs of RS4 and RS5 were 1.14 % and 2.18
% respectively (n=12). These proved that the precision
of the method was good.

Test sample was spiked with RS4 and RS5 reference
reserve solutions to 0.5 to 4.5 ug/ml, corresponding to
0.2 % to 1.8 % of TSH in capsules. These solutions
were analyzed and the recovery percent was calculated.
As shown in Table 4, the average recovery percent of
RS4 and RSS5 were 100.6 % and 100.0 %, respectively,
with the RSD 2.0 % and 4.0 % (n=9). These indicated
good accuracy of the established method.

The simulated sample solutions were determined at
control, 4, 6, 8, 12, 16, 20 and 24 h after preparation.
The RSD values of RS4 and RS5 were 0.84 % and 1.50
% respectively. This indicated that the solution is stable
for 24 h (Table 5).

The robustness of the method was studied by altering
flow rate (0.2 ml), pH of the buffer (£0.5 units),
column temperature (£5°), detection wavelength (£5
nm) and initial proportion in mobile phase. The result
was tabulated in Table 6. Changes of wavelength and pH
induced errors in the results of RS5, but other changes
didn’t influence in determination of RS4 and RS5. This
demonstrated the pH and wavelength of the method
should be strictly controlled to ensure the results.

Related substances of TSH sustained-release capsules
were determined with the established method. Typical
chromatograms were shown in fig. 9. The related
substances in TSH samples were lower than 0.1 % for
all the batches. After kept at 40° for 3 mo, total related
substances increased to 0.28 %, with RS4 increased most
significantly. Therefore, the results proved that RS4 is
the main related substance in TSH capsules and it is
more likely to accumulate during storage in comparison
with other impurities.
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Fig. 6: MS and MS/MS spectrum of RS3 and the fragmentation pathways of the product mass
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TABLE 4: RECOVERY OF RS4 AND RS5 IN SIMULATED SAMPLES

RS4 RS5

Added (pg/ml) Found (ug/ml) Recovery (%) Added (ug/ml) Found (ug/ml)  Recovery (%)

80 1.53 1.52 99.1 1.6 1.66 103.9

1.53 1.52 98.9 1.6 1.69 105.5

1.53 1.52 99 1.6 1.67 104.1

100 1.92 2 104.4 2.06 2.07 100.3

1.92 1.93 100.6 2.06 2.07 100.6

1.92 1.96 102.3 2.06 2 97.3

120 2.49 2.47 99.1 2.52 2.38 94.4
2.49 2.47 99 2.52 2.39 95

2.57 103 2.52 2.5 99.4

Average (%) 100.6 100
RSD (%) 2.1 4

TABLE 5: STABILITY OF RS4 AND RS5 IN SIMULATED SAMPLES

Average

Time/h 0 4 6 8 12 16 20 24 %) RSD (%)
Area (RS4)  78.8 79.3 78.4 79.1 78.9 80.6 79.2 79.7 79.3 0.84
Area (RS5)  109.8 112 110.9 114 113 112 113.9 115 112.5 1.5
TABLE 6: ROBUSTNESS OF RS4 AND RS5 IN SIMULATED SAMPLE SOLUTION
RS4 RS5
Content (%) Average (%) RSD (%) Content (%) Average (%) RSD (%)
Flow rate (ml/min) 0.8 0.99 0.96
1 0.99 0.97 2.99 0.92 0.96 3.67
1.2 0.93 0.99
Column temperature () 30 1.01 1.06
35 0.96 0.98 2.26 1.06 1.04 2.41
40 0.98 1.01
Wavelength (nm) 220 0.95 0.92
225 0.97 0.96 1.17 0.91 0.87 7.46
230 0.96 0.79
Initial mobile phase 90:10 0.95 0.96
92:08 0.97 0.96 1.28 0.92 0.95 2.49
94:06 0.95 0.96
pH 6 0.98 0.93
6.5 0.97 0.97 1.71 0.93 0.98 8.15
7 0.95 1.07
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Fig. 9: Typical chromatogram of TSH sustained-release capsules (1-3: excipients peaks)

This indicated a high selectivity of method applied in
TSH sustained-release capsules for the quantification of
related substances without interference from excipients
and the established method could be applied to evaluate
the quality of TSH sustained-release capsules.

Benign prostatic hyperplasia is a common urological
disease in elderly men. TSH is a third-generation selective
postsynaptic o, ,-adrenergic receptor antagonist used to
treat benign prostatic hyperplasia. In this study, TSH
sustain-release capsules was released by a combination
of drug-containing coating, enteric-coated coating and
sustained-release coating, which could overcome the
defect of single control of drug dissolution and achieve
sustained-release in a wide range of pH biological
environment. TSH sustain-release capsules can obtain
a stable plasma concentration curve and a long time
of action, reduce the incidence of cardiovascular side
effects and greatly improve the safety, effectiveness
and compliance of patients with medication. In terms
of safety, related substance in TSH sustain-release
capsules is very important. Present study aimed to
study the extraction of TSH and its related substances
in TSH sustained-release capsules. An LC-MS/MS
method based on the extraction was applied to identify
the main possible related substances in TSH sustained-
release capsules and an appropriate HPLC method
specific enough to avoid the interfering of high level
excipients in the analysis was also studied and validated.
The established method could be used to evaluate the
quality of TSH sustained-release capsule and provide

Special Issue 3, 2022

Indian Journal of Pharmaceutical Sciences

fundamental information for the analysis of similar
preparations with dense core-shell structure pellets.

In present study, a NaOH-MeOH extraction and gradient
HPLC method was developed and validated for the
determination of related substances in TSH sustained-
release capsules. The extraction and chromatographic
conditions were optimized to avoid the interference
of excipients and its degradation products and to
determinate the related substances accurately. Five main
degradation products, RS1 to RS5, were also identified
with LC-MS/MS method. The method was also
validated and proved to be selective, precision, accurate
and sensitive, and could be used for the determination
of related substances in TSH sustained-release capsules
and for its routine quality control. Results of different
batches showed related substances in TSH sustained-
release capsules ranging from <0.1 % to 0.28 %, with
RS4 as main related substance. The extraction could also
be applied to other core-shell pellets contained capsules.
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